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THE INFLUENCE OF SPECIMEN DIMENSIONS AND SHAPE ON

THE RESULTS OF TENSILE IMPACT TESTS

4bstract

This report presents the results of a study on the ine
fluence of specimen length, diameter and cross-sectional
shape on tensile impact tests, Part I deals with the effect
of the ratio of length to diameter; Part II, with the effect
of size in geometrically similar specimens, and Part III,
with the influence of cross-sectional shape The results
show that the, effect of velocity on the tensile properties
of metals is independent of both the dimensions and the
cross-sectional shape of the specimen, Furthermore, the
critical velocity is not altered by theése varlables

1. Introduction

In the field of materials testing, it is important to recognize
the influence of dimensions and shape of the .ﬁest specimen on the
results, For some time, tensile impact tests at the Impact Testing
Laboratory of the California Institute of Technology have been made on
specimens having a diametef of 0,30 in, and a gage length of 8 in, In
a previous report%/an effort was made to cover one phase of this prob-
lem —— namely, the effect of varying the gage length of a specimen
having a constant diameter of 0,30 in, In that report, it was shown
that while the values of percéntagé'élongation were decreased with in-
creased gage length, the velocity—at which the elongation decreased
was not modified, However, it was shown that determlnation of the
critical velocityg/was more difficult if the gage length was below
about L in, for a Spécimen with a diameter of 0,30 in, In other words,
it is necessary that the ratio of the length to the diameter be at

1/ P, E, Duwez, D. S, Wood, D, S, Clark, The influence of speci-
men length on strain propagatlon in ten51on NDRC Report A-105 (OSRD
. ST, Opt, Tady

g/ P, E, Duwez, D, 5, Wood, D, S, Clark ‘The propagation of
plastic straln in ten51on NDHC Report A-99 (OSRD No, 931) Oct. 1942,
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leagt 13, Further investigations have been made to determine the
effect of the ratis of length to diameter on the results of tensile
impact tests This aspect is covered in Part I of this report

In order to carry this investigation further, static and dynamlc
tensile tests have been pmde on specimens that have different diment
sions, but. are geometrically similar, The principle of similitude
implies that if the structure of a metal is perfectly uniform the
static tensile propertiee of geometrlcally similar specimens should be
the same, However under dynamic condltlons geometrically similar
specimens are not subjected to the same average'rate of strain at the
same impact velocity, If the average rate of straln does exert an in-
fluence, geometrically slmilar Spec1mens should exhiblt different dy-
namic tensile .properties, To test this assumption,  an’ investigatlon
has been made to determine ﬁﬁether or not geometrically similar'speci-
mens tested at the same 1mpact veloc1ty exhibit identical dynamic ten-
sile properties, In Part I1 of this report, the results of a study on
this second phase of the problem are presented,

There has been a question in the minds of some critics as to the
appllcability of tensile impact results based on specimens of circular
section to other cross-sectional shapes,- To answer this ouestlon
statlc ard dynamic ten51le tests have been made on specimens of circu-
lar, saquare,’and rectangular cross section, The third part of this

’

report discusses the results of these tests,.

PART I? FATIO OF LENGTH TO DIAMETER

2. Material tested

The material used in this part of the investigation was a cold-
rolled steel of Rockwell B hardness 87-91 hav1ng the following ana1y51s:

Percent :
Oobn, . » . o - o8 Lo p s no Ol
MBS . . L . % es v e iR
BhesaOrus:'.' . | . o5 i oa e s DJOHE
Sliphae’ | . 0 L L0 ] e e TR
EREEEERA - o gty ot iy kgt (o ORI

R'E:S;--TRIGTED
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It should be noted that this steel is not exactly the same as the one
used in a previous investigationydn the influence of specimen le:ngth '
on the results of dynamic tests. The diameter D, the length L, and
the ratio L/D, of the specimens tested are given in Table I.

3. Testing procedure

Two static tests made in the manner previously describedh/;ere
performed on each series of specimens, The rotary impact testing
machine described in the same reference was used for the dynamic tests,
In both types of tests, measurements of energy per unit volume required
to rupture the specimen, the percentage elongation and the percentage

reduction of area, were taken for each specimen,

L, Discussion of the results

‘(a) Static tests, -~ The stress-strain diagrams given in Fig. T
were obtained by graphing the apparent stress in pounds per sqQuare inch

as a function of the average strain in percen.t, The proportional
limif, ultimate strength, percentage elongation, energy per unit vol-
ume, and the reduction of area are given for each spécimsn in Table I,
It is apparent that for a constant diameter and a varying gage iengt.h,
the siress-strain curves are nearly identical up to that strain at
which the tangent to the curve is horizontal., &Seyond this point, the
shape of the curves is controlled by the necking. This matter has
been discussed In a previous reportg/ The table demenstrates also that
the ultimaté stirength varies only slightly from specimen to specimen,
its average value being 95,000 lb/ine

The critical velocity has been computed by the von Kérmén formulaé/
for all the specimens tested and is found to vary between 85 and. 91
ft/sec and to have an average of 88,4 ft/sec. These figures are given
in Tablze [ .

3/ Reference 1.
y Reference 1,
E/ Reference ‘i;

é/ Th, von Kérmin, On the propagation of plastic deformation in
solids, NDRC Report A-29 [OSHD No, 3657, Jan, 1542,
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Table I, Results of static tests of cold=rolled eteel; diameter D of specimens, 0,15 inm.

Ga . Propor- Elongation| ,Energy |Theoretical] Reduction
Len?ﬂl Ratio tiogel g]t..:imaz in Cage per Unit | Critical of goagdk::ﬁ
L 1/D Limit (1b7li]r£|2 ) Length Volume Velocity Area B
{in,) - (1b/in2) */|(percent) |(ft 1b/in3) ..(.ft/sec) {percent)
1 6.7 | 70000 .| 9hooO 9.0 652 85 53.0 91,6
1 | O 71000 L300 9.5 628 87 S4.0 94,6
2 13.3 67 000 95000 7. Los 90 58,2 92,5
20v '8l 68000 | 95000 7.2 Loo 9N 56,3 93.7
3 (20,0 68500 95 000 5.1 394 88 59,1 92,7
3 |20,0 70000 95000 4.8 1356 g0 60,2 92,7
b 26,6 70000 | 95500 .| 3.5 256 r 63,0 95,0
4y 126,6 | 71500 .} gus00 | . 3.4 25k 89 64,1 91.1
2
NQ' /00
o~
9 A IS
'?9 / \ \\
N~ o \ il 4
2 { \ N\ \,.zh;. \..»’/in.
v N e
s ~
cﬁ a X Jinm.
o G0 /".
4/,
g0 4
20
b l
2 . -+ & & /o
- Strarn G ,Dercenf)

Frg. 1. Static stress-strain curves for

cold-rolled steel; all #he specimens are

015 in in diameter; dif¥erent gage lerngths
are indicordd or e curves. 4

REFwSeT-R I=G. T- E-D
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(b) Dynamic tests. -- The general results of the dynamic tests
are given in Tables II-aAﬁ ITI. The curves of percentage elongation
and energy per unit volume absorbed %o rupture the specimen, each
versus impact velocity are presented in Fig, 2, For the 1-in, speci=-
mens, the location of the meximum is difficult to determine, making a
critical velocity very difficult to detect, Howsver, a distinct maxi-
mum is observed for the 2- and 3-in, sPécimens and the critical veloc-
ity can be measured at about 100 ft/sec, 1In the case of the 4-in,
specimen, the maximum places the critical velocity at a figure somewhat
lower than that obtained with the 2= and 3-in, specimens. This differ=-
ence may be related to a structural difference existing in the speci-
mens since the computed critical velocity for this l=in, specimen was
lower than that computed for the 2- and 3win, specimens, However, as
previously reported%/tha results show that though the critical velocity
does not depend on the length of the specimen, it is less distinct in

tests made on sherter specimens,

These results also show that it i5 not possible to determine accu-
rately the critical velocity in a specimen 0,150 in, in diameter and
1 in, long, whereas such a determination is possible when the gage
length is 2 in, or more, In Report A-105, it was shown that for speci-
mens of 2-in, gage length and 0,300-in, diameter the curves of energy
and percentage elongation versus impact velocity were also too flat to
detect a critical velocity, but, in this case again, a specimen of
h-in, gage length gave a distinct maximum, It is logical to believe '
that the ratio of gage length to diameter is the &etermining factor,
Therefore, it is concluded that a distinct maximum, indicating the
critical velocity, will appear in the energy and pefcentage elongation
versus impact velocity curves if the ratio.L/D is of the order of 13
or greater, :

5. Qonclusions

The results of this investigation together with those presented
in a former report lead to the conclusion that the critical velocity

1/ Reference 1,

4 RES T RTICTED
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Table II, Results of dynamic tests of cold-rolled steel, speci-
nmens O 15 in, in diameter, 1 and 2 in, long

Speci=| Impact |Ultimate|Energy péf' . Elongation |Reduction Hardhess 
men |[Velocity|Strength|Unit Volume|in Gage Length} of Area { Rockwell
No, -|(ft/sec){(1t/in2)i{ft 1b/in2)}}. (percent) f{percent)) B

{-in, Gagé‘Lgngthr '

3 5.0 | 108000 “aus0 Ll . 0.0 52 92,2
gh s | 11booo | T30 T Lo B8 50 92.1
BRU Ll®. B | 106000 | 1530 W A 59 93.0
6 75.0 | 95000 1080 , k.5 58 91.4
BE ok .o | 1110004 - Taea L 1l 1Ba 68 50, 1
4 1101,0 | 102000{ 1130 S T R R | 92.4
8° | 126.0 | 104000 805 W5 1 60 91.6

150,0 | 104000 | 737 9.7 52 92,2
1 | 150.8 | 109000 g6 - | 12,6 " 91,8
10 | 176.0 | 115000 507 11.9 TRl e )
174 176.0 | 110000 Mo, ™ T 60 92.0

|

2FFae1.0 | 112000 907 125 61 1+ gjies

Average 51.8

2=in,- Gage Length

Rl 1260 i 107000 [ <« T T 5.0- 58 53.8
Pl UDNE 4 123000 |- 1001 | 10,6 61 92.6
SRy se | - -- 105 5 .k
BEY W2 | 112000 0. 1160 e, 7 61 52.8
10§00 { 110000 1360 | 13,2 59 . 92.9
SR | 125000f ‘1000 {0 93 61 9.2
6|} ¥82.0 | 115000 . | Tl 60 93.0
7 [181.0 .| 110000 613 f o 64- Y T5BLE
8 l200.0.!| 119000 575 6.8 61 | g2.5

: Average 93.2
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Results of dynamic tests of cold-—rolled steel; speci—

mens 0, 15 in, in diameter. 3 and L in, long,

Reduction

Hardness

Speci~| Impact |Ultimate|Energy per Elong&tion
men |Velocity|Strength|Unit Volume|in Gage Length| of Area |Rockwell
No., | (ft/sec)| (1b/in2)|(ft 1b/in?)| (percent) (percent)] - B
&1 : 3-in_.Gage Length
5 | 2u.7 | 106200 642 8.3 58 93,8
6 50,5 97 000 750 9.k L5 96,6
i 150 | WHEoD | . 726k 1.7 L n.9
3 75.1 | e = 8.8 56 93,2
8 | 99,0 o e 8.3 53 9.1,
7 | 101.0 | 105000 925 9.8 59 93.5
s | 125,0 | 104000 680 8.7 6l 93,1
10 | 150.0° | 100000 153 6.2 59 92.3
11 | 151,0 | 1100000 1460 7.0 52 987 .
12 | 16.0 | 99000 L56 5.6 58 93.5
13 | 2040 { 101000) 382 5.1 62 9.2
. Average 93.?
" LA, Gage Length
3.} 283 { 11booo] 615 - 7.0 58 95.6
L | s0.2 | 113000} 675 7.4 6l 9,5
8 1 153 -] #8000 840 9.3 60 93,8
6 | 100.0 | M000} = 765 B 4t 62 941
8 125,0 |.'112000 595 Bt 60 91,3
7 | 126,0 | e 6.9 57 93 .7
9 1150,0 | 12k 000 523 .3 N 95.0
10 /| 178.0 { 117000 497 L.l " 65 95.1
1% ] 2080 | 115600 Wh7 3.9 % &l

Average 94,1
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of a given material in a given structural condition is independent of

the length of specimen provided the ratio of length to diameter is

greater than 13, Furthermore, it may be concluded that,’'in order to
determine the tensile critical velocity accurately, the ratio of gage
length to diameter of the specimen must be at least 13,

6.

PART II,

Material tested

SIZE EFFECT

Annealed copper and the steel referred to in Part I were the two

materials employed in this phase of the investigation, For static

tests only, a series of specimens was taken from a 1-in, round bar of

copper; another series was taken for both static and dynamic tests from
a 4=in, round bar of copper. Tests were made on the steel in the cold-

rolled and annealed conditions,

and specimen dimensions are given in Table IV,

The details of annealing ireatments

Table IV, Specifications of specimens tested,
Annealing| Time at | Length L Diameter D Factor By
Metal |Tempera- Tempera- |of Speci='{of Speci- |L/D of Mzz
ture (F)|ture (hr)lmen (in,)}{men (in.) Similitude g
o 900 1 7 0135 “faoyel - 3,5 pPeanle
3 .
%—in, 2 0,10 20,0 1 Dynsmic |
Copper 900 1 16 0,60 26.6 I
Lot I, 8 030 [26.6] 2 gor- L
1-in, L 0.15 |26.6 1 i
rolled a dii Dynamic
SAE 1020,| 1600 1 8 030 |e6.6] 2 3
4 ,
nnealed L 0:15 26.6 1 Dynamic

AES T ARICGTED
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7. Discussion of results

(a) Static tests. -- Two static tests were made for each size of

specimen machined ffom the %—in,'cbpper bar, The static stress-strain.

curves are given in Fig, 3 and the resulis of the tests on this group
of specimens are given in Table V, These results show that the small
specimen, (2 in, long and 0,10 in, in diameter) has about the same
uliimate strength, but a much smaller percentage elongation than the
large specimen (7 in, long and 0,35 in, in diameter), This difference
could be associated wifh a nomuniform structure in the cross section of
the bar from which the specimens were cut, Therefore, another series

of specimens was machined from another ba;‘pf_copper 1 in. in diameter,

The latter series consisted of spebimens of three different sizes
as shown in Table V,  Two static étress-étrain curves were obtained
for each speéimen size; however, only one of each is presented in
Fig, ks since duplicate tests did not differ by more than 500 1b/in? ‘A
comparison of Fig, 3 with Fig{ i makes it clear that the variation of
elongation from specimen to specimen 1s much less for those machined
from the 1-in, bar than for those machined from the 3-in, bar,

It seems probable that the dégree of influence exerted on the
static tensile properties by specimen size is primarily dependent upon
the equivalency of the structure of the different specimens=

The two stress-strain curves cbtained for each specimen of cold-
rolled steel and annealed steel are given in Figs, 5 and 6, Here the
difference between the static properties of the two sizes of specimens
is clearly defined. The small specimens 4 in, long and 0,15 in, in
diameter exhibit a greater ultimate strength and less percentage elon-
gation than the large specimens & jn, lopg and C,30 in, in diameter,

A hardness survey of the qpﬁss éﬁgtion wag made on the %—in. diameter

i T e oo

§/ While the stress-strain diagrams of the copper specimens of
different sizes are approximatély the same, it will be noted that there
is an appreciable variation of hardness, An examination of the micro-
structure of these specimens indicated the same grain size, No expla-
nation is given for this -anomaly; however it is probable that this
difference does not alter the conclusions of this investigation,

RESTRICTED
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bar, from which the specimens were machined, for the purpose of estab-
lishing whether or not the difference in results could be related to
nonuniformity. The hardness measurements were made with the superfi-
cial Rockwell Hardness Tester using the L5 T scale, The results are
given in Fig, 7 for both cold-rolled steel and annealed steel, In the
annealed bar very little if any variation in hardness was observed,

In the cold-rolled steel, there was a slight decrease in hardness from
the center of the bar to the periphery. Even so, the difference
between the average hardness across a specimen 0,15 in, in diameter
and one 0,3 in, in diameter is not large enough to account for the
observed difference between the tensile properties of the various sizes

of specimens,

In spite of the fact tnat hardness measurements did not reveal
any measurable variations within a cross section, it is possible that
the observed difference in tensile properties is a conseouence of a
nonuniform distribution of impurities in the bar from which the speci-~
mens were machined, On the other hand, the surface characteristics of
the matérial may be more influential in the case of a small specimen
than a large one. In such a case a greater strength at the surface

could account for the observed results,

(b) Dynamic tests, -- The dynamic tests were made at impact

velocities ranging from 25 to 200 ft/sec, The results are given in
TablesVI to VIII, The curves for energy per unit volume and percent-
age elongation, each versus impact velocity, are given in Figs, 8 to
10, For the annealed copper specimens the dynamic values of energy
per unit volume and percentage elongation for the small specimens are
less than the correspornding values for the large specimens, Also for
annealed copper, the discrepancy found in the static tests is still
present in the dynamic tests, There is an almost eQual increase in
ultimate strength under dynamic conditions for both kinds of specimens,

as is shown in Table VI,

For the cold-rolled steel (Table VII) the curves of energy per

unit volume and the percentage elongation, each versus impact velocity
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Table VI, Results of dynamic tests of annealed copper.,

Speci~| Ippact |Ultimate|Energy per | Elongation |Reduction|Hardness
men {Velocity|Strength{Unit Volume|in Gage Length} of Area | Rockwell -
No, |(ft/sec)|(1b/in2)| (ft 1b/in3)| (percent) (percent) F

Specimens 7 in, long, 0,350 in. in diameter
1 2530 | 35600 1170 T3 oy e
12 25,0 | 41600 1130 h1.3 69 7552
I 508 “F Losed J'yi<1ege hé.0 69 69.8
11 | 50,0 | 38600 w8 | us.h T 76.6
-2 100,0 | L3000 1470 118 73 R
16 | 100.0 | L3000 1370 " 18,2 67 69.4
el 15a.0 | 39000 b <1898 50,0 g 4.0
gt 15018 1 37200 Y- Te8e H530 73 NS
gl 2010 hW1hoo 1253 Lh6.6 73 75.0
B EDT 50 Ae®300 f i eR0 [ | Lus5.0 70 72,9

Average 73.5

Specimens 2 in, long, 0,100 in. in diameter

1 a5k 35 000° 930 37.0 68 T
10 | 25.5 } 37000 81O 32.5 53 37.7
2 50,0 | 37000 905 34.6 68 39.2
9 50,0 35000 980 38.0 [ 47.5
3 100,0 | 39000 1160 L7.0 65-73 L7.8
8 100,0 | 38000 1050 40,0 66. 5150
L' | 1505 | u2000 850 34.6 65 3ek2
7 150.5 | hooeo 1000 h2,0 70 37.8
5 200,0 37000 . 980 37.8 T a5 L3300
6 | 201,0 | Lo700 1010 43.0 70 36,0

Average 39,7
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Table VII, . Results of dynamic tests of cold-rolled steel,

Speci| Impact |Ultimate|Energy per Elongation { Reduction|Hardness
men | Velocity|Strength!Unit Volume|in Gage Lengthi of Area | Rockwell
No, - | (ft/sec){ (1b/inZ )| (ft Lo/ir? (percent) (percent) B

| Specimens 8 in, 10ng,'0.300 in, in diameter

skl oc ;. s e TEE M° 65 93,6
L] 2 Sl 104 000 516 748 6l 9L.,5

1 50,0- 96000 | - 1760 g ¢ 76 ol L

8 | 75.0 | 110000] 1042 12,6 66 93.5

4 158 —— - 13./8 67 9.5

9 100.8 1040004 g1 18R | [ % 15.8 65 98"

10 | 125,0 - | 106000 1 000 12,1 69 95.9
1] 151.L. | 108000 730 ; Tl . 6L 93.9
gl 5715 | 1060004 14 ST 6,0 61 - 94,0
4.0 177.0 — -— 548 61 95 0
W | 199.8 | 108000 Lu3 .3 65 93.5
Average 94.2

Specimens 4 in, long, 0.150 in, in diameter

3 25,3 | 114000 616 - R B 58 95,6

b 50,2 | 113000 675 Wil von s - el Sy 5

§ | 8.3 |-113000 80 9.3 . §50 93.8

6 | 100.0° | 119000 765 8,1 . 62 9L, 1

8 | 125.0 | 112000 595 5.9 60 91.3

N . s 6.9 57 93.7

SR tiE0e: | 1Buooo | 524 ¢ U 6l 95.0

10 | 178,0 | 117000 I L 65 95,1
i 202,0 115 000 Lly7 3.8 56 1ol

Average S4.1
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Results of dynamic tests of annealed steel,

Speci-{ Impact |Ultimate |Energy per Elongation |Reduction|Hardness
men [Velocity|Strength|Unit Volume|in Gage Length| of Aera’|Rockwell
~ No, {(ft/sec)|(Ib/in2)(ft 1b/in3)| - (percent) (percent) B
: Specimens 8 in, long, 0,300 in, in diameter |
1 24,7 $0 000 1570 26.0 68 TG
11 25,7 91000 | 1880 26,2 67 . 71.6
2 | 50,0 | su300| 1820 2k, 7 68 71.4
15 50,7 $0300 1510 22,3 69 i
T 1Mo | su6ed il |k 23.h 69 i
12 75.2 85 000 1470 22,9 68 7240
13 99.0 | 89300 | /1570 23,0 8- §155
i "} 1000@ $0 000 1730 24,7 : 68 71.8
ta | 9853 91000 1640 23.8 67 . 5
b | ne&so 9L 500 1790 - 2L.6 65 (Y
6 | 150,0 89200 1270 g 6L 7141
wenamsde |- 9seo0 ) 9085 . ikl 67 70.8
8 |201,5 | 88900 612 e 66 ' 7158
- Averagé 71.4
Specimens 4 in, long, 0,150 in, in diameter
12 25.0 $9200 1470 19.8 5'} il
1 25.6 | 100600 1210 15.4 1760 Tiles
2 k9.8 107 000 1650 18.3 62 | 10s 2
3 75.6 109500 1720 19.2 58 70.8
5 | 100,0 | 106200 1580 19.5 5 71.5
3 H2Bs 3 98 900 1625 " 226 59 72,0
6 | 128,0 | 110600 1890 22.0 6L 72.7
1 | 19.0 | 101000 | 1820 o 61 72,0
TS0 102500 1660 oL 6L ()
15 174.0 100600 1410 19,0 51 73.2
177.0 | 109600 1275 16,7 L6 I8
200,0 | 104900 980 12 56 72,0

Average 71.9
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are given_iﬁ Fig, 9. These cu:veéuare typical of 3.cold-rolled metal,
As in the.case-of annealed copper, the energy per unit volume and the

percentage elonéation of small specimens under dynamic conditions are

less than the correéponding values for the 1arge specimens, A similar
differenqe was also observed in the results bf static tests, The dy=-

namic ultimate strength of the small specimens is greater than that of
the large specimens as indicated by the static tests,

The results of tests made on the annealed steel are given in
Table VIII, The curves‘for the energy per unit volume and the percent-
age elongation, each versus impact velocity, are given in Fig, 10,
Here again the results substantiite earlier indications that the dif-
fefence between dynamic tensile properties of spécimens of two differ- '
ent sizes is similar to the difference betweén their static tensile

properties,

The measured critical velocities are given in Table V., The
critical velocities computed from the static stress~strain curves by
the von Kirmin formule?/are alse listed in this table, While the
experimental and theoretical values are about the same for the cold-
rolled steel, a discrépancy exists between these values for the an-
nealed steel, This discrepancy may be attributed to the existence of a
yield point in the annealed steel as discussed in previous reports,

For materials of this type the computed critical velocity should be

considered only as an indication.

. The difference between the critical velocity obtained in the
tests on the two sizes of specimens may be attributed to the different
properties of the material in the two sizes of specimens. The differ-
ence in these properties was observed in the static tests, It is prob-
able that if the structural characteristics of the twolspecimens were
identical, thus leading to identical stress-strain diagrams, no differ-
ence would be discernable between the critical velocities determined

from tests on geometrically similar specimens,

2/ ‘Reference 6,
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8. Conclusions

Evidence secured in this investigation points to the conclusion
that within the range of impact velocities between 25 and 200 ft/sec,
the size of the specimen does not alter the effect of velocity on the
tensile properties of metals, This tends to show that the dynamic
tensile éroperties are the same for the same impact velocity even
though the average rate of strain is different within limits, The
difference existent in the dynamic values of ultimate strength, energy
per unit volume and percentage of elongation for geometrically similar
specimens of two different sizes is alsc present for the static valueq

and thus is not dependent upon the dynamic effect,

PART III, SHAPE OF CROSS SECTION

9, Specimens tested

Annealed copper was chosen for these experiments because of the
consistency in its behavior, The specimens used were of four different
cross-sectional shapes, as shown in Fig., 11, The area of the cross
section for each specimen was 0,071 in? and the length of each was
8 in, The specimens were prepared from 5/8-in, round, hard-dra€n,
copper bar, The round specimens, square specimens, and 0.376 x 0,188
in, rectangular specimens were machined from the hard-drawn bar, an-
nealed at 900°F for £ hr and quenched in water. The rectangular speci-

mens, 0,630 x 0,112 in,, were prepared in the following manner:

=y

|

(1) Bar stock cut to length, annealed at 1200°F for % hr
and water quenched,
(41) Forged to 2 flat strip 1 x 1/8-in, in section,
(1ii) Annealed at 1200°F for % hr and water quenched,
(iv) Rolled to 0,112-in, thickness,
(v} Specimens machined from the rolled strip.
{vi) Annealed at 850°F for % hr and vater quenched,

The temperature of the last anneal was determined experimentally
as that temperature which gave the same grain size as was present in

the specimens of other section shape,
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10. Discussion of results

(a) Static tests. =- Two static tests were made for each series

of specimens. The static stress-strain curves are given in Fig. 12 and
the results are given in Table IX. The difference between the static
stress~strain curves of specimens of different shape of cross section is
not greater than the difference found between curves corresponding to
two specimens of the same shape. The shape of the cross section of the
specimen does not seem to influence the results of static tests within

the range of dimensicns considered in this investigation.

Table IX. Results of static tests of annealed copper specimens.

(7.3 < - . ; __. :

agr:?§;31 Speci~{Iltimate| Prop. |[Energy per E%;Eﬁa“'- Réduction | Hardness

D;m:n— men. Ptrengthilimit: |Unit Volumel "o im. | ,Of Area Rockwell

A No. [(Ab/ir?)|@b/in2)(ft 1b/in3) Gend nt) (?ercerrb) : F
Oafgi? 29 |2booo {lsbeo 4. =ks 29.0 65 68.3
0.3-in. 13, l29800 | so00 | 718 6.5 6L ol
0.26x |43 {30000 | 5000 | 63 | 32| 67 59.3
0:26:%x hi1n | o0go0 | .2

0.26 in. o .5000 67h 35.0 68 .| 63.6
'8:;33 in.] 23 |2skoo | 5000 672 37.0 L 60.7
0.186 x o), é g ¢ o . : ‘
0.378 in. 9000 | 5000 90 32.0 67 62.7
QIS diis | [29me fisdetnl - 7m0l ana, F T Al
iy |16 3010 | 5000 | w0 | o |~ f 76
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Table X, Results of dynamic tests of annealed copper spec1mens of dife
ferent cross-sectional shapes.
Heiack Speci— Impact [Ultimate|Energy per |Elongation]Reduction|Hardness
Section | MR Velocity|Strength|Unit Volume| in 8 in, | of Area |Rockwell
No, |(ft/sec)|(1lb/in2)|(ft 1b/in3)} (percent)|{percent)l: F
21 25,7 | 35000 762 34,9 68 69,2
22 52,6 3{637700 1030 L)ﬁ g go : gg.B
"L S B 75.1 - | 38%60 | . Ho70 9 G
g?”’“ﬁr’ 2l | 10000 ‘| 37200 1100 460 66 66.2
O“gg FE% 25 1 1255 | 3Ekdn 1150 50,2 71 66,7
. o T 152,0 | 35400 1080 L9.0 67 68,8
' &7 176.3. . [; 37 Q00 - 992 bk 68 70,1
a8 I"2elo 1 3Bgeh - Tul 8% 7 72 68,1
' Average 68,1
Wl o 25, 7. | 36200 1140 i ;0 65 65,8
2 50.L | 37800 1 1250 N1.5 66 63,0
9 | a6 o 36200: {180 a5 72 6l,3
Sl 3 g Paéhoo 1305 bl ,2 69 67,2
IR 10 ¢| 101,0 1737006 .| ‘1180 45,5 71 6k, 0
0266 in,| b |.a04,0 |.36000 ] ...1060 39,0 72 63,5
RS0 R 0 2.8 4 38600 1180 - b1,6 69 62,5
-‘ 6. | 158,51 36000 { -. 1150 41,8 70 68,8
i 9%.7 | 3gcee 1225 45,0 13 66,2
g | 202.0 | 39000 1210 42,0 70 69,7
: ' Average 65,
1 2,7 | 38000 1085 368 65 8ir. 5
5] 85,7 - —— 38,8 67 3.7
15 k9,5 | 38L0OO 1135 36, 1 71 66,8
Rectapgu-| 16 4,5 | LOOCO 1400 b, 3 68 66,7
lir;, o 100,2 38000 1190 40,0 69 67.3
0,188’ x. 18 12k.7 | 385060 . 12k5 41,8 65 67,0
3,876 60, | 19 50,3 i 3Hk00 1270 Li b 70 68,2
6. | 33,5 | 35eNe 1380 4%,0 B 66,5
& 199.0 - -— o) 70 67.8
€8, | 2o1.0 | #8000 1230 Wsu5 i 2
Average 67.3
5 o8 b A Li2oa.s 1030 39,6 - 79.5
6 25,% -ﬂogoo __ 925 87:0 - 80,8
R 7 - BB, 0400 1150 42,0 e 80,4
Tegwneol 17 | 351 | uto0t| 1030 TR S
0,112 x $ 4 101,2 | LOOOO . 9He Bl 2 - 81.4
0.630 in 10 25,7 1. 28Ece 1070 L1,.4 e 80,8
it v el o Lo R 900 RS T = 81 7
Average 80,7
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]
(b) Dynamic tests. =~ Dymamic tests were made at impact veloc-
ities ranging from 25 to 200fft/sec. The ultimate strength, the per-
centage elongation, the'enefgy required to break the'specimen, and

the reduction of area were measured. The results are given in Table X.
The curves of percentage elongation and energy per unit volume re=-
quired far rﬁpture, each versus impact velocity are presented in Fig, 13.
The values of ultimate strength, energy required for rupture, and per-
centage. elongation under dynamic conditions are higher- than the static’
values, but the increase is practically the same for all cross-sectional
shapes. The difference between results is of the same order of magni~
tude as the scatter observed for-a series of tests on any cne of the
cross—-sectional shapes, TWhile the critical velocity of this materiai

is above 200 ft/sec, it is to be expected that the cross=-sectional shape
willhnot influence its value since the stress-strain diagrams are essen-
tially the same.,

11. Conclusions

The results of static and dynamic tensile tests made on specimens
having the same length and the same cross-sectional area are practi-
cally independent of the shape of the cross section, within the range
of dimensions considered in this investigation.

12. Summary

The results of the investigations presented in this report may be

sunmarized as follows:

(1) The critical velocity of a material is not influenced by the
length or diameter of the specimen.

(i1) In order to determine accurately the critical velocity in
tension, the ratio of length to diameter of the specimen must- be at
least 13. [ TR,

(ii1) The size of the test specimen does not influence the effect
of velocity on the tensile properties qf metals.

R ESERTCTED
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(iv) The average strain rate in the range-considered.in this

report is not a determining factor of dynamic tensile properties.

{v) The shape of the specimen cross section does not influence
the effect of velocity on the tensile properties of metals.

(vi) Some indirect evidence is given to show that the shape of
the specimen does not affect the value of the critical velocity.
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more, the ¢ritical veloeity is pot aitered by these variabies, For a glven dlameter and vary-
ing gage lengths, the stress-straln curves are neariy identieai up to the point where the
tangent 13 horizontal. Beyand this polnt, the shape of the curves is controiied by the necking,
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